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proper or in the weld region of the vessel. The designer should also know what 
kind of a specific relation exists between the critical crack length and the stress for 
a given material characterization and the material’s thickness intended in pressure 
vessel applications. 

Assuming that plane stress conditions exist in the wall of the vessel, the rel¬ 
evant fracture toughness parameter for a longitudinal through-the-wall crack in a 
cylindrical geometry can be expressed by the equation 
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This formula is based on the classical flat plate theory and it involves a number of 
corrections to conform to vessel geometry and the nature of critical stress [191]. The 
corrections include the effect of curvature in going from a flat plate to a cylinder, 
the influence of the plastic zone at the tip of the defect, and the allowance for the 
effect of the biaxial state of stress. The design parameter a m denotes the nominal 
circumferential stress in the pressure vessel defined by PR/t , where P is the internal 
pressure in psi. In the customary notation R stands for the mean radius of the vessel 
and t is the wall thickness, both dimensions being expressed in inches. The half 
length of the longitudinal crack is denoted here by a and the ultimate strength of 
the material is <r u . Poisson’s ratio u does not vary significantly for different metallic 
materials, particularly in the case of the various steel and aluminum alloys used 
in the pressure vessel field. The plane stress parameter K c is given in psi(im) 1 / 2 
when the circumferential stress <r m is expressed in psi. 

Suppose now that we are dealing with a cylindrical vessel of thickness t which 
contains a part-through longitudinal flaw having a maximum depth d. The flaw is 
assumed to be here symmetrical and in the form of a hacksaw slot. The presence of 
this flaw reduces the wall thickness locally and without full penetration. Hence, by 
this definition t/d must be greater than unity. If we shall denote the actual area of 
the part-through flaw by A { , its corresponding equivalent length can be defined as 
A l /d. The original half-length of the crack entering Eq. (14.6) under conditions of 
full penetration is, of course, a. Hence, the approximate nominal stress a m for the 
part-through flaw can be estimated from Eq. (14.6), provided that we introduce 
a = A i /2d. On substituting this equivalent quantity into Eq. (14.6), we obtain 
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The membrane stress to failure in a cylindrical vessel containing a part-through flaw 
can now be expressed on the basis of experimental evidence [191] in the following 
way: 
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The method of predicting the failure stress for a thin vessel with a part-through, 
longitudinal flaw can be established with the aid of Eqs. (14.7) and (14.8). For 
instance, knowing the actual area of a part-through flaw A { and the maximum 



